We revisit the classification of neuronal cell types in the nervous system of the nematode Caenorhabditis elegans. Based on anatomy and synaptic connectivity patterns, the 302 neurons of the nervous system of the hermaphrodite were categorized into 118 neuron classes more than 30 years ago. Analysis of all presently available neuronal gene expression patterns reveals a remarkable congruence of anatomical and molecular classification and further suggests subclassification schemes. Transcription factor expression profiles alone are sufficient to uniquely classify more than 90% of all neuron classes in the C. elegans nervous system. Neuron classification in C. elegans may be paradigmatic for neuron classification schemes in vertebrate nervous systems.
Introduction
Cataloguing cell types within a brain has been a central aim of neuroscience since the days of Ramon y Cajal. The overall logic behind such categorization is that the brain can be considered as a machine and to understand how a machine works, one needs to catalogue its component parts and their interrelations [1] . Technological advances over the past ten years, mainly in the fields of microscopy and molecular profiling, have led to an explosion of interest in defining neuronal types in the vertebrate brain. Historically, classification schemes that were exclusively based on morphology were extended by electrophysiological criteria (e.g., spiking patterns) [1] . More recently, in-depth profiling of the molecular composition of individual cell types has provided ample means to classify neurons into distinct types [2] [3] [4] [5] [6] . Moreover, the recent advent of high-throughput electron microscopy techniques has also led to synaptic connectivity being considered as a major criterion for neuron classification in the vertebrate central nervous system [7] . These recent developments in neuron classification warrant a revisit of the state of classification of the 302 neurons of the hermaphrodite nervous system of the nematode C. elegans ( Figure 1A ).
An Overview of Anatomy-and Connectivity-Based Neuron Classification in C. elegans The electron micrographical reconstruction of the entire C. elegans nervous system revealed the precise morphology of all the component neurons, including their synaptic contacts, thereby providing a rich diversity of features that enabled robust cell type classifications to be made [8, 9] . Based on their position, morphology, neurite projection patterns and synaptic connectivity, the 302 neurons were classified into 118 distinct classes [8, 9] . As shown in Table 1 , these 118 neuron classes can be ordered by the number of members per class, which range from one to 13 members per class. Anatomically defined neuronal classes can be summarized as follows:
d 26 classes defined by a single, unilateral neuron with distinctive morphology and connectivity. These neurons can be found in different ganglia and encompass sensory, inter-and motorneurons. d 70 neuron classes each consisting of a bilaterally symmetric pair of neurons, again located in different ganglia and also encompassing sensory, inter-and motorneurons. d One class of head motor neuron (SAB), containing 3 members whose processes are organized in a radially symmetric manner (see schematic drawing in Table 1 ). d 10 distinct classes defined by 4 members which are organized in a radially symmetric manner. Nine of these are composed of one pair of sub-dorsally located neurons and one pair of sub-ventrally located neurons (see schematic drawing in Table 1 ). One class (RME) is composed of a lateral pair and a single dorsal and ventral member. d Three classes (IL1, IL2, RMD), composed of six members each, which are also organized in a radially symmetric manner, but with 3 pairs of neurons each: a sub-dorsal, lateral and sub-ventral pair (see schematic drawing in Table 1 ). d Lastly, ventral nerve cord motor neurons fall into 8 anatomically distinct classes (see schematic drawing in Table 1) , with 6 to 13 members each. These neurons are aligned in a single row along the ventral midline of the worm.
A Gene Expression Atlas of the C. elegans Nervous System How does this classic, anatomy-based classification scheme match with molecular data? The transcriptome of only a subset of individual neuron types have been relatively exhaustively profiled (e.g., [10] [11] [12] ). However, over the past 20 years the C. elegans community, in the course of a variety of studies, has assembled an unsurpassed resource in the form of thousands of reporter transgenes that monitor gene expression with single cell resolution (see Figure 1B for one example). While these reporter genes may not necessarily capture the complete expression profile of the respective genetic locus, each reporter gene nevertheless provides a robust read-out of an active promoter
